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PREFACE 

This study was conducted for NASA under contract number 

NAS7-101, Change Order 158, as described in Technical 

Directive I-V-S-Ib%-TD-64-&2, by the Douglas Aircraft 

Company, Space Systems Center, from February through 

July 1964. 



ABSTRACT 

This report  presents a s t a t i s t i c a l l y  derived, dispersed 

t ra jec tory  simulation o i  the atmospheric boost f o r  the 

Saturn V launch vehicle which resu l t s  i n  the  maximum skin 

temperature due t o  aerodynamic heating a t  a selected loca- 

tion. It m q y  be used as  a design cr i te r ion  f o r  the purpose 

of redefining the aerodynamic heating on the Saturn V/LOR 

vehicle. To obtain this trajectory, the  vehicle 's  f i r s t  

stage performance parameters, the atmosphere, and winds were 

perturbed. Only those factors  which s ignif icant ly affected 

skin temperatures were perturbed i n  constructing the t ra -  

jectory, The re la t ive  e f fec t  on temperature of each of 

these fac tors  i s  presented. 
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l,0 INTRODUCTION 

Up to the present, the stsuctural design criteria for the Saturn V boost 

vehicle dictate that skin temperature be determined using a 1JASA-derived 

nominal trajectory with virtually zero angle of attack during maximum 

heating. The nominal trajectory was established by the utilization of 

nominal values of performance parameters ( i. e . , propulsion system, pro- 
pellant and structure weights, control system characteristics, aerodynamic 

characteristics and atmospheric models) and zero wind speed. Because it is 

not possible to predict the exact flight history of argr performance para- 

meter prior to flight, it is necessary to establish flight history envelopes 

for the parameters. To allow for the probable deviations of performance 

parameters from their nominal values during flight, a trajectory simulation 

yielding skin temperatures of a prescribed probability-of-occurrence, was 

derived. This derivation was accomplished by generating a set of non- 

nominal trajectories in which the parameters were varied, individually, 

above and below their nominal values. The peak skin temperatures of each 

of these trajectories were compared to that of the nominal trajectory and 

the differences noted. By statistically combining (root-sumsquare, RSS) 

these peak temperature differences, a msximum expected temperature difference 

from the nominal was computed. However, in determining the trajectory which 

results in this computed temperature difference from nominal, only those 

parameters which had a significant effect on the skin teaperature were 

used. 

This trajectory will yield a reaEstic (3 Q probabi~ty-of-occwrence) ' - 
skh tapratwe rise above the no~nal for key design %oeaLions on 

the vehicle. It may be used as a design criterion for the purpose of re- 

def t h e  aersd 



2.0 ASSu1qFTIONS 

2.1 Vehicle 

The nominal vehic le  used was the  Saturn TJ/LOH. vehicle as presented i n  

Reference 1 and as shown i n  Figure 1. The nominal vehicle weights a s  

shown in Table I a r e  from Reference 2. The engine performance data shown 

i n  Table IIare a l s o  from Seference 2. The aerodynamic force data  f o r  t h i s  

vehic le  were taken from Reference 3.  

A s  these  vehicle parameters w i l l  tend t o  deviate from t h e i r  n o d n a l  

values due t o  manufacturing tolerances,  weighing inaccuracies, e tc . ,  

it i s  assumed t h a t  these  deviations a r e  independent of one another and 

have a Gaussian probabi l i ty  d i s t r ibu t ion  about t h e i r  norriinal values. 

Table I11 lists the  vehicle parameters considered and th ree  sigma 

deviations from t h e i r  nominal values. 

2.2 Trajectory 

A three-dimensional simulation of t he  nominal Saturn V/LOR mission t r a -  

jectory (Zeference 2) was generated t o  es tab l i sh  a reference, o r  baseline,  

t o  which perturbations could be applied. The simulation was constructed 

with t h e  a i d  of an 1611 7094 computer program using a point mass solutior,  

and a ro ta t ing  obla te  ear th .  This DAC nominal +,ra:t?ctory simulation 

(corresponding c losely  t o  t h a t  of Beference 2 )  i s  presented i n  Table I V  

( the  l is t  of s p b o l s  should be referred t o  f o r  t r a j e c t o ~ j  in te rpre ta t ion) .  

It asslmes a vehicle launch from the  Eastern Test Iange (formerly U'i~i) 

with an i n i t i a l  azimuth of 70 degrees e a s t  of nort,h. Any deviations from 

t h e  mentioned nominal tsa$ecLor;l? 12.I%% require fur ther  evaluation. 



2.3 k~roruneriLa1 

a1 atmosphere model used for this study Is presented in Reference 4. 

As no deviated atmosphere model was available, deviations of the state para- 

meters were taken from Reference 5, pages 20, 85, and 86. Atmospheric den- 

sity was assumed to be the independent variable and the pressure and tem- 

perature were assumed to be dependent. As preliminary investigations Fndi- 

cated that the pressure had the greater effect on skin temperature, the 

study was simplified by assuming that atmospheric temperature retained its 

nominal values while the density and pressure varied. The density extremes 

(Reference 5) were assumed to be 3 a extremes with a normal probability 

distribution. The pressure was then computed using the equation of state 

for an ideal gas. The density and pressure models determined by this 

method are shown in Figures 2 and 3, Also included are the atmosphere 

assumed for the final $130. hotH trajectory (defined in the same manner) 

and the Patrick Ai?B atmoshpere. 

The nominal trajectory assumes no winds. The winds are from Reference 5, 

pages 45 and 60. The contractually specified 95 percent probability 

evelope (95 percent probability of not being exceeded) was used as a head 

wind and is shown in Figure 4. 

2.4 Aerodynamic Heating 

In the determination of the skin temperatures for the nominal and each of 

the perturbed trajectories, the following flow field and heat transfer 

assumptione wre mde: 



1. The vehicle boundary l a y e r  i s  always turbulent  and has experienced 

no separation. 

2. The flow f i e l d  passing over t h e  c y l i n d r i c a l  s e c t i o n  of the  S-IVB s tage  

has experienced two previous conical  shock waves, one generated b~ 

t h e  Service Lodule and t h e  o ther  by t h e  LB4 adapter .  I n  both cases,  

t h e  flow behind t h e  conical  shock waves was  expanded t o  zero pressure 

coeffi.c.j.ent. For t h e  a f t  i n t e r s t a p  of t h e  S-IVE stage,  t h e  afore-  

mentioned flow f i e l d  was passed through a t h i r d  conical  shock wave 

and exwnded t o  t h e  l o c a l  s lope of t h e  a f t  i n t e r s t a g e .  

3 .  Only heating on t h e  windward s ide  of t h e  vehic le  was considered. 

4. A t h i n  sk in  so lx t ion  was obtained: t h a t  is ,  it was assumed that no 

temperature gradi.ent exis ted  along o r  through t h e  skin. 

From an aerodynamic heating standpoint,  t h e  Saturn V/LOR vehic le  was con- 

sidered t o  bs a s e r i e s  of congs and f l a t  p la tes ,  protuberances excluded. 

The c y l i n d r i c a l  por t ions  of t h e  vehicle mjr be considered a s  f l a t  p l a t e s ,  

because t h e i r  diameter is  l a r g e  compared t o  t h e  boundsv  l ayer  th ickness .  

The heat  t r a n s f e r  t o  a conical  surface i s  d i r e c t l ~ r  r e l a t e d  t o  t h a t  of a 

f l a t  p l a t e  and t h e  heat  t r a n s f e r  i n  the  vicini t ,y of protuberances i s  

experimently det,ermined as a flznction of f lat  p l a t e  heat  t r a n s f e r .  

Heat t r a n s f e r  on t h e  surface  of a protuberance i s  dependerdt on geometry, 

boundary I q ~ e r  th icknsss  t o  p ro tuberanc~  height  r a t i o ,  l o c a l  f i ego lds  

number and Ilhch number. A t  t,hs present time, t h e m  &b""~ai no heat  t r a n s f e r  

theory  or empirical  relaf-,ionshipa f o r  protcherance heating. IIowever, s ince  



the same parameters that affect flat plate heat transfer govern the heat 

transfer on protuberances, it may be hypothesized that protuberance heat 

transfer m y  be related to flat plate heat transfer. Since the heat 

transfer to the vehicle surface is dependent on flat plate heat transfer 

theory, a mzximum heating trajectory for the vehicle will be obtained if 

the heating of any location is maximized. 

3.0 ANALYSIS 

3.1 Parameter Effects 

The basic assumption of parameter independence allows that each parameter 

deviation effect be examined separately. In accomplishing this, a set 

of trajectories was computed for several values (including 530) of para- 

meter deviations for each parameter. These trajectories were then ana- 

lyzed for aerodynamic heating. The peak skin temperatures were compared 

to the peak skin temperatures from the nominal. traiectory. Figure 5 

illustrates the relative effects of the various parameters. 

3.2 Aerodynamic Heating 

The location selected for analysis is on the S-iVB Aft Interstage just 

aft of station 2746.55. The aerodynamic heating analysis was accom- 

plished with the aid of an IE14 7094 high speed digital computer program. 

The nominal and perturbed trajectory information (free-stream velocity, 

ambient temperature and pressure, and angle of attack) were input data 

for %he program. The analysis was accomplished in three distinct steps: 



1. CompuLation of the locd propsties of air outside of the boundary 

layer at the point of investigation (~eference 6). 

2. Computation of the heat transfer coefficients (Reference 7). 

3. Computation of the thin skin temperature. 

3.3 Maximum Heating Computations 

It was found that all parameter deviations had nearly constant partial 

derivatives of temperature with respect to parameter deviation over the 

range examined. This, combined with the original assumption of Gaussian 

distribution about the nominal parameter value, led to a statistical com- 

bination of the individual 3utemperature effects by the use of root- 

sum-square (RSS) addition to obtain a 30 maximum peak skin temperature. 

Mathematically, for the location selected, 

2 2 2 1/2 
AT 3 5  

3.4 Three Sigma Trajectory 

There are an infinite number of combinations of the input parameters, 

i.e., an infinite number of trajectories, which would yield the desired 

3otemperature. Algebraically combining the individual 30 dispersions 

will result in a temperature which will exceed the increase indicated by 

the RSS combination (3~7)~ Therefore, it is necessary to combine the para- 

meter deviations in such a er as to obtain a trajectory simulation 

which m l d  resfit In the difference in temperature, To generate this 

trajectory, an equal probability-of-occurrence was assumed for each of the 



garaetere, Ta determine the s i m  level (for each pwmeler) hieh when 

Qebraicaq combined win result in the trajectorgr giving the 3o (SS 

value) temperature rise, a number of sigma levels were investigated. 

Through the interpretation of these results (Figure 6), a sigma level 

was determined which results in the tf3uhotu trajectory (Table v), 

4.0 DISCUSSION OF RESULTS 

4.1 Individual Effects 

A review of the individual parameter effects on peak temperature reveals 

that six of the parameters essentially control the vehicle temperatures. 

Of these, the atmospheric densit7 has the greatest influence. The 

relative effects of these six parameters on the aft interstage skin tem- 

perature are shown in Figure 5 .  The remaining parameters, including 

specific impulse and center of gravity, were found to have virtually 

no effect on temperature. 

4,2 Combined Effects 

Cnmbining the individual 3atemperature differences by root-sum--square 

gave an increase of 55.2OF. Referring to Figure 5, the AT3@ value is 

shown as the value on the curve, Table V presents the "30 hottf 

irajectory s ion which results from the use of the sigma level 

shown in Figure 6. 



5.0 CONCLUSIONS 

As the aerodynamic heating calculations used for the aft interstage 

location are generally applicable to the entire vehicle, it can be 

concluded that the trajectory which yields maximum skin temperature on 

the point investigated will yield maximum skin temperatures for any 

other vehicle location. Several slightly conservative assumptions 

were used in this study and it is felt that the final trajectory 

(113a hotn) is also slightly conservative (hot). 

It should be noted that while this trajectory is generally applicable 

to any point on the vehicle for the assumed deviations from the nomi- 

nal trajectory, any change in the nominal trajectory assumptions or 

in the deviations assumed will require further study. 
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PRINTOUT COBPiON 
SYb-IBOL SYMBOL 

P 

ALPHA% 9 a' 

ALTITUDE h 

UST OF SYIBOLS 

IBI 7094 PHOGW4 Ak63 
Y I I N  PHINTOUT 

Components of accelera t ion along the  

vehic le  axes: pos i t i ve  forward along 

vehic le  center l ine;  normal t o  the  

vehicle p i t ch  plane, t o  the  r i g h t ;  and 
L 

down, respectively,  f t / sec  . 
Radar azimuth angle: angle between the  

radar s i t e  meridian and the  project ion 

of the  radar l i n e  of s i gh t  onto t h e  

plane tangent t o  t he  surface of t he  

ea r t h  a t  t he  radar s i t e ,  posi t ive  

clockwise f rom north,  deg, 

E'itch angle of a t t ack ;  angle between 

t he  project ion of t he  r e l a t i ve  a i r  

ve loc i ty  vector onto the  vehicle p i t ch  

plane and the  center l ine  of t he  vehicle,  

pos i t ive  nose up, deg, 

Tota l  angle of at tack:  angle between 

t he  r e l a t i ve  a i r  ve loc i ty  vector  and 

The vehicle center l ine ,  deg. 

Product of t o t a l  angle of a t t ack  and 
2 dynamic pressure,  deg-lb/f t . 

Vehicle a l t i t u d e  : dis tance  above mean 

sea l e v e l  meawured along t he  normal t o  

the  ear th1 s sur fac t  (oblate spheroid) 

posit,ive up, f t  o r  n m i .  



PRIN'ICOUT COMMON 
S m O L  

CHORD FORCE C 

D-D STAR X h " 

DELTA SB Z 

Yaw angle of a t tack:  angle between 

%he project ion of the relative a i ~  

ve loc i ty  vector onto t he  vehic le  yaw 

plane and t he  center l ine  of the  vehl.cle,. 

pos i t ive  nose l e f t ,  deg. 

;)iffereace between vehic le  c ea t e r l i ne  

azinmth cngle, I) IL, and the  i n e r t i a l  f l i g h t  

path azimuth angle, Y '  , pos i t ive  f o r  21 
Yq21. > ? deg. 

Aerodynamic force di rected along the 

vehic le  center l ine  opposing vehic le  

motion, lb. 

Radsap s l a n t  range: straight l i n e  d i ~ -  

tance f'rom radar s i t e  t o  vehic le ,  f't. 

Component of vehicle ear th-  f  ixed 

veloci ty ,  along the  radar l i n e  of 

s igh t ,  f t / see .  

Motor yaw def lect ion angle: angle be- 

tween the  t h r u s t  vector and the  vehic le  

p i t ch  plane, poait lve nose l e f t ,  deg. 

Motor p i t ch  def lec t ion angle : angle be- 

tween the projection of the  thrust 

vector onto the  vehicle p i t ch  plane and 

t h e  vehicle center l ine ,  pos i t i ve  nose 

UP, deg. 

Radar elevation angle : angle be- 

tween the  radar l i n e  of  s igh t  m d  the  

plane tangent Lo the  e a r t h ' s  surface  a t  

the  rdsr s i t e ,  pos i t ive  f o r  vehic le  

ELBove rlodris: tmgent plane, deg. 



%blc?tg~lltaneous a z b u t h  wgle: angle be- 

tween the launch s i t e  meridian and the 

plane perpendicular t o  the surf'ace of 
the-earbh at the l.mnch s i t e  cont 

the vehicle, positive cloclrwise fram 

north, deg. 

Fx. Fy. Fz Thrust components i n  vehicle coordinates : 
- 

Fx positive 90 d, positive F ~ ' G I S  
Y 

nose t o  the l e f t ,  posit ive FZ pitches 

nose up, lb.  

Total. resultant gravity vector due t o  

a t t rac t ive  force of the ear th measured 

in the xtL, ytL, z tL  coordinate system, 

fi/sec2. 

Components of gravity due t o  a t t rac-  

t i v e  force of the earth measured i n  a 

coordinate system where xtL i s  posit ive 

north, y tL  i s  positive east ,  and z t L  i s  

positive toward the center of the ear th 

along a l i n e  connecting the vehicle and 
2 the earth's center, ft;/sec . 

J?li@%t path elevation angle, non- 

Iner-bial: angle between the rotating - 
earth velocity vector, Ve, and the 

launch tangent ( x-y) plane, posi t ive 

f o r  vehicle moving i n  the direction of 

the tlljbnus z axis, deg. 

PLI&% path elevation angle, non- 

ine&iaL: angle between the rotating - 
earth sekcc i . tg  vector, $',, and the  

Mclc mmin; awa;y fm the earth, deg. 



GAMMA SB 2 

GAMMA Sl3 21 7- 2L 

GAMMA ( 21 ) ~ r .  '21 

Flf &t path cle~ra'cion angle, inex+tiial: 

angle be-tween the total. Anertial 
m 

velocity vector, Vg, and the loca l  tan- 

gen% plnne, posit ive f o r  veMc1.e mwing 

awqy fron the eart;h, deg. 

Flight path elevation angle, i ne r t i a l :  

a ~ ~ g l e  'betxeen the t o t a l  i n e r t i a l  - 
velocity vector, 5, and a plane per- 

penr2icu2ar %o the radius vector from 

the eerrter of the ear th t o  the vehicle 

posftive for vehicle moving away from 

the earth, 4eg. 

Flight  path azimuth angle, non-inertial: 

angle between the loca l  (instantaneous) 

meridim~ and the projection of the 

rotating ear th relat ive velocity vet- - 
to r ,  Ve, onto the local  tangent plane, 

posit ive clockwise from t rue  north, deg. 

Flight path azimuth angle, i ne r t i a l :  

angle between the loca l  mer i a=  shnd 

the projection of the  t o t a l  - 
velocity -vector, VI, onto the loca l  tan- 

gent plane, positive clochiise from t rue  

north, deg. 

F1-lgh.f; path azimuth angle, i n e r t i a l :  

angle 'between the local  meridian and 

the projection of the t o t a l  veloci ty  - 
vector, M onto a plane perpendicular 1' 
t o  the radius vector f ran the center of 

ea&h t o  the vehicle, posit ive cloclrwise 

from %me north, deg, 



YHThTdU'J! COMMON 

I N C  I O N  i 

MACH NO, 

MU 

PHI SB I 

D-PHI SB I 

PHI SB L* 

PHI SB M 

D-TNETA SB M 

PRESSURE 

PSI SB 9 

DEFINITION 

Orbit incl inat ion angle: angle be- 

tween the  s a t e l l i t e  o r b i t  p l a a  and the  

earth's equator ia l  plane measured counter- 

c lochhse  from due e a s t  a t  the  ascending 

node, ranging from zero degrees fo r  a 

west-to-east o r b i t  t o  180 degrees fo r  an 

east-to-west o rb i t ,  deg. 

Total  aerodynamic moments about t he  nor- 

m a l  t o  the vehicle pi tch and yaw planes, 

respectively; M posi t ive  for pitch-up 
Y 

moment and MZ posit ive f o r  nose l e f t  

moment, f t - l b .  

Mach number. 

Instentmeous vehicle longitude measured 

posit ive west and negative e a s t  from 

Greenwich, England, deg. 

Nondimnsional aerodynamic forces nor- 

m a l  t o  vehicle pi tch and yaw planes, 

respectively; N posit ive l e f t  and NZ 
Y 

posit ive up. 

Atti tude control  program ra t e s ,  angular 

veloci t ies  about vehicle axes Xm, YmJ 

Zm, respectively, deg/sec. 

See "TEKPA SB I "  

See "B-TBETA SB I "  

Vehicle instantaneous geocentric r o l l  

angle, deg, 

See "TIBTA SB M" 

See s'l)-TX3'TA SA M" 

See "TEETA SB I" 



D-PSI EB I 6 i  
PSI SB L* 

PSI SB M f i m  

PPSI a M i m  
Q g 

Q S B M  % 
R S B C  r~ 

R S B M  

RANGE 

RHO 

m 2'' 

Vehicle centerline azimuth angle: 

angle between the Locs'l, mcriUan a d  

the pro3ection of the vehicle cemter- 

l ine  onto a plane perpendicular t o  

the radius vector frm the center of 

the ear th t o  t h e  vehicle, positive 

clockwise f x m  t m e  north, deg. 

See "=A Sf3 M" 

See "&-A 233 M" 

nynemic pressure, lb/ft2. 

See "P SB M" 

Instantmeous distance fram the center 

of the earth t o  the vehicle, ft. 

Instantaneous eaxth radius, measured 

from the center of the ear th t o  the 

point where the perpendicular Trom 

the vehicle t o  t h e  earth1 s surface 

intersects  the earth's amface, f't. 

See "P SB M" 

Surface range: instantaneous vehicle 

range along the earth' s surface, based 

on the subtended arc and the mean 

earth radius from launch t o  present 

position, f't OF n.mi. 

Instantaaeous vehic le  geographic la t i tude:  

angle measured in the meri&ian plane 

between the equtsritrl plane and the l ine  

f r o m  the vehiele pevendicular t o  the 

eaP%h% ssurfaee, positive north of t h e  

egu~itor, deg. 



TAU SB R 1  

TAU SB T 1 

jjllstmtmeous vehicle geocentric 

latitude; angle between the equa- 

t o r i a l  plane rund the  radius vector 

from %he center of the earth t o  the 

vehicle, posit ive north of the equator, 

deg. 

Radar polarization look angle: angle be- 

tween the projection of' the vehicle center- 

l i n e  on a plane perpendicular t o  the radar 

l i n e  of sight and the l ine  of in te r -  

section of the plane containing the  radar 

l i n e  of sight, perpendicular t o  the 

earI;hls M a c e  a t  the radar site, posi- 

t i v e  cotmterclockwise f roa the asparent 

ve r t i ca l  ( l i ne  of intersection) as 

viewed looking along the radar line of 

sight, deg. 

Re11 look angle: angle between the 

vehicle yaw plane and the projection sf 

the radar l ine  of sight onto the vehicle 

roll plane, meast~~ed c2ockwitsc from the 

pitch (positive ym) ax is  as viewed from 
the  rear of the vehic le ,  dcg, 

Total radar look angle: q l e  bctvecn 

the vehicle centerline md the  radar l i ne  

of sight, measured from the rear of the 

vehicle, deg. 

TBQ T Atmospheric temperature, degree s ne . 
SBI e i ~  *i #i Euler angles speeiIying the or ien ta t ion  

PSI SB I 
P a  233 I 

of the vehrtcle guidance heartiaL pl~t- 

foxm (f system) with respect t o  t h e  i r r -  

elft;iaP (eo) coordfnate system which i s  



PRmOUT COMMON 

%=A SB I (cont' d) 
PSI SB I 
PRI: 223 I 

* 

D-==I i)j,J)il%i 
D-PSI SB I 
D-PHI SB I 
THETA SB L* e ' ~  

T m A  SB M em, em# #m 
PSI SB M 
PHI SBM 

coincident with the rs ta t ing,  e a d h -  

fixed (e)  coorWate system at the 

time of Launc%l. Order ~f rotation: 

$I about Z (posit ive turning Xeo in to  

.Yea), ei about Yea (posit ive turning 

Zeo i n to  xeo), fliabout 5 (posit ive 

turning Ye, i n to  ze0), deg. 

Rate change of Euler angles Bit ) i t  

and jdi, deg/sec. 

Vehicle centerline elevation angle: 

angle between the vehicle centerline 

and a plane perpendicular t o  the radius 

vector from the center of the ear th t o  

the vehicle, posit ive f o r  vehicle nose 

pointing away f r o m  the  earth, deg, 

Euler angles specifying the orientation 

of the vehicle axes (%, Ym, %) with 

respect t o  the i n e r t i a l  reference plat-  

form ( i  system). Order of rotation: 

pitch, Bm about Ym (posit ive turning 

Z.  m i n to  xB1) ; yaw, t,bm about % (posit ive 

turning X, in to  Y,); and mll,  about 

X, (posit ive turning Y, i n to  z,) , deg. 

D-THEZA SB M $, @ my 4, Rate of change of Ehler angles em, #m, 
&PSI SB M 
D-PHI SB M and 8,, dedsec. 

F SBT F Total vehicle thrust, Lb. 

Instantaneous time, measured from lift- 

off ,  sec. 

m m m  Vw Total bpuls ive  veloef$y gain, ft;/sec. 



D-V SB E 9 

VEL LOSS AA 'AA LOSS 

m LOSS CF ' CF LOSS 

VEL MSS G 'G LOSS 

VEL LOSS m LOSS 

VE3; LOSS VTA vTA Loss 

h parameter measured i n  the equatorial  

plane, &stance from the center of the 

ear th t o  a perpend$cubar t o  the equatorial  

plane p s s i ~  t h  $be U%esesc$ion of 

the normal from the vehicle with the 

earth' s surface, ft . 
Vehicle velocity measured relat ive t o  

the launch point on a rotating ear th 

( e  , the origin of the Xee, Yee, Zee 

c r  x, y, z coordinate systems), f t /sec.  

Vehicle acceleration along the f l i g h t  

path, measured with respect t o  the 
2 launch point, f t /sec . 

Total velocity, measured with respect 

t o  a geocentric non-rotating, " iner t ia l"  

reference system, ft /sec.  

Ratio of vehicle instantaneous i n e r t i a l  

velocity t o  circular s a t e l l i t e  velocity 

at the instantaneous alt i tude. 

Velocity lo s s  due t o  t o t a l  angle of 

attack, ft /sec.  

Velocity loss  due t o  aerodynamic chord 

force, ft/sec. 

Velocity lo s s  due t o  gravity, ft/sec. 

Velocity loss  due t o  normal force, f t /sec.  

Velocity lo s s  due t o  variation i n  thrust  

and al t i tude,  ft/sec. 

Integrating accelerometer velocity, f%/sec 
A 



D-X SB EE: 
D-Y SB EE 
D-Z SB EE 

D-x SB G i, i, i 
D-Y SB G 
D-Z SB G 

VSB Lv'E V 
W6 

Instantaneous vehicle weight, Lba 

Wind azimuth angle: angle between the 

loca l  (instmtaneous) meriaan and the 

direction from which the wind i s  blowing 

measured i n  a plane para l le l  t o  the local  

tangent plane, posit ive clockwise from 

t rue  north, deg. 

Local wind speed, measured re la t ive  t o  

a rotat ing earth, ft/sec. 

Instantaneous center of gravity measured 

posit ive a f t  of vehicle s ta t ion  zero, f t .  

Right-handed cartesian coordinate system 

with the origin located at mean 'sea 

level  at the launch s i t e  and rotat ing 

with the earth: Xee i s  posit ive north, 

Yee is  positive east ,  and Zee i s  posi- 

t ive inward, f t  . 
Velocity components relat ive t o  the 

K e 9  'eel 'ee coordinate system, ft /sec.  

Right-handed cartesian coordinate system 

with the origin located at mean sea 

leve l  at  the launch s i t e  and rotat ing 

with the earth: X i s  positive i n  the 

direction of the intended f l i g h t  (launch) 

azimuth, Y i s  posit ive t o  the r ight ,  

and Z is  posit ive inward perpendicular 

t o  the surface of the earth, ft. 

Velocity components re la t ive  t o  the X, Y, Z 

coordinste system, f t /sec,  

T o t a l  veh ic l e  v e l o c i t y  w i t h  respect  t o  
t h e  air, ft/sec, 



NOTE: THE Z AXES ARE PERPENDICULAR TO THE EARTH'S SURFACE AT THE LAUNCH SITE 

LAUNCH PARALLEL 
LAUNCH MERIDIAN 

LAUNCH AZIMUTH 



ECCENTRICITY e 

GAMMA 5i3 u.' 

ROW 

8 2 Azimuth angle f r m  the Launcher t o  the 

location of the impact or  intercept 

point, deg. 

True anomaly at start of glide, deg. 

!bwe anuaaly a t  impact or  intercept 

alt i tude, deg. 

Ratio of vehicle instantaneous i n e r t i a l  

velocity t o  circular s a t e l l i t e  velocity 

at the instantaneous altitude. 

Eccentricity of the instantaneous conic 

(2-D) trajectory. 

Energy per uni t  mass of the vehicle based 

on a zero potential  energy a t  the surface 
2 2 of the earth a t  the launch point, ft /sec . 

Flight path elevation angle a t  impact 

on earth or intercept of a predetermined 

alti tude, i n e r t i a l  ( corresponding t o  sf) : 
angle between the  t o t a l  i n e r t i a l  velocity - 
vector a t  impact, Vzf, and the plane a t  

the surface of the earth perpendicular t o  

the radius vector from the center of the 

earth t o  the point of impact, negative 

f o r  vehicle heading tuward the earth, deg. 

Flight path azimuth angle at impact on 

earth o r  intercept of a predetermined 

al t i tude,  i n e r t i a l  ( corresponding t o  sf) : 
mgle beween the h p a e t  po7tn-t rneddim 

a d  the projec"c%on of the toLaE b e r t ; l a l  - 
velocity vector 8% cL, V%8 o n ~ o  the 



PRINTOUT COmOI 
ROW - 

SB 2F Con% 'd  plane a t  the surface of the easth per- 

pendicular t o  the radius vector from 

the center of the earth t o  the point of 

impact, positive clockwise from true 

north, deg. 

Inclination 

Mil SBF 

Period 

R(A P) 

HHO SB F 

RHO PRI (F) 

GP 3 Orbit inclination angle: angle between 

the s a t e l l i t e  o rb i t  plane and the ear th ' s  

equatorial plane measured counterclock- 

wise from due eas t  a t  the ascending node, 

ranging from zero degrees for  a west-to- 

eas t  o rb i t  t o  180 degrees for  an east-  

to-west orbi t ,  deg. 

GP 1 Longitude of vehicle impact on earth or 

intercept of a predetermined a l t i tude  

(corresponding t o  s f ) ,  deg. 

GP 4 Orbital period of the instantaneous conic 

(2-0) tradectory, min. 

GP 4 Radial distance from the center of the 

earth t o  apogee of the instantaneous 

conic (2-D) trajectory. 

GP 3 Radial distance from the center of the 

earth t o  perigee of the instantaneous 

conic (2-0) tradectory. 

GP 2 Geographic la t i tude  of vehicle impact on 

earth or intercept of a predetermined 

al t i tude,  deg. 

GP 1 G k x  entrfc  la t i tude  of vehicle impact on 

em .i; I or h t e r e e g t  of a predekermined 

alt f ;ude, deg . 



COMMON PRINTOUT 
SYMBOL 

S SBF 

TAU 7 

TAU SBF 

ROW - DEFINPTXON 

Product of -the average e m t h  radius 

and the central  angle ( in  radians) 

traversed duaring glide. 

Preblcted im'paot or intercept range, 

assuming vacuum traJectory, based on 

instantaneous position and velocity 

coordinates, n.mi. 

Time since or t o  perigee a t  start of 

glide, sec. 

Time since or t o  perigee a t  the  impact 

on ear th or  intercept of a predetermined 

al t i tude,  sec. 

2- t o  impact on ear th or intercept of 

a predetermined al t i tude,  measured from 

l i f t o f f ,  sec. 

Apogee velocity ( ine r t i a l )  of the gl ide 

phase orbi t ,  f t /sec.  

Total velocity a t  i ~ p a c t  on ear th or 

intercept of a predetermined a l t i tude  

(corresponding t o  s f ) ,  assuming vacuum 

re-entry, measured with respect t o  a 

geocentric non-rotating " iner t ia l"  

reference system, ft /sec.  

Hyperbolic excess velocity, f t /sec . 
Perigee velocity ( ine r t i a l )  of the glide 

phase orb i t ,  f%/sec. 



NOMINAL mIGHT MSZIMPTIONS 

~ r o p e l i a n t s  (Hain stage) 4,2459 243 

Propellants (Center Engine Thrust ~eacy) 4,017 

Frost 650 

VEHICLE AT S-IC CVIIOFE' 

S- I C  Stage at Sepaxation 

Dry S-IC Stage 287,000 

Reserve & Residual 
Propellants & Service Items 58,603 

Outboard Engine !I!hrust 
Decay Prop. 13,333 

S-IC/S-11 Interstage ( B )  

S-I1 Ullage Rocket Propellants 

vmm A!r S-I1 IGNITION 

Thrust Buildup Propellant 

S-IC/S-11 Interstage (~orwasd) 

Launch Escape System 

Propellants ( ~ a i n  stage) 

VEHICLE A!F S-I1 CWFF 



SATURN V 

I<Oi-iIIu';\L EJGIIU F'XHFOfrMANCE ASSUMPTIONS 

s-IC STAG% 

Thrust 

Specific Impulse 

5-11 STAGE 

Thrust 

Specific Impulse 

S-IVB ST.4GE 

Thrust 

Specific Impulse 

7,500,000 lbs. (S.L.) 

263.58 sec. (S.L.) 

1,000,000 sec. (Vac. ) 

426 sec. (Vac. ) 

200,000 lbs (vac. ) 

4.26 sec (Vac . ) 



SATURN V 

S-IC STAGE 

Structure Weight (W ) 
s1 

Propellant Weight Loaded (W ) 
pl 

FOR 
HEATING ECTGRY 

- 

Thrust (F1) 2%/l%ngine --- 0.894% 

Specific Impulse ( I  ) 
Spl 

1.5$/~ngine --- 0.671% 

Propellant Uti l izat ion Residual (PU1) U ,000 l b  

Aerodylwmic Drag ( D )  lO.O$ 

Autopilot Pitch Rate Error (Q1) 1.0% 

Autopilot Yaw Gyro Drif t  (Gg ) 0.25 deg/hr 
77 

Autopilot Pitch Gyro Drif t  (6 ) 
D~ 

Autopilot Roll Gyro Drift  (GD ) 
r 

Thrust Misalignment - Yaw (Q ) 0.5 deg/~ng --- 0.2236 deg 
Y1 

Thrust lvlisalignment - Pitch ( 8  ) 0.5 deg/~ng --- 0.2236 deg 

Center of Gravity 
p1 4 inches 

S-I1 STAGE 

Structure Weight (Ws ) 2% 
2 

Propellant Weight Loaded (W ) 0.255 
p2 

Thrust ( F ~ )  3g/Engine --- 1.342% 

Specific Impulse (1- ) 
aP2 

l;$/l$ngine --- 0.447% 

Propellant Uti l izat ion Residual (PU2) 1390 lb 

S-IVB STAGE 

Structure Siieight (W ) 
S3 

2% 

Propellant Weight Loaded (1; ) Q 2500 
/b 

P- 
2 



TABLE IV 

S v 

NOMINAL TRPJECTORY SIMULATION 

P r n  OUT KFT 

A A 6 3  0 0  4 R R  75  CASE 1 I D L  1OOOOOOOO I D 2  0 I D 3  0 PAGE 1 

1 T IME ALT I T  UDE F SR T W E I G H T  
2 v S B  I v S B  E V I / V S  x SB CG 
3 MACH NO* CHORD FORCE ALPHA SB P ALPHA SB Y 
4 PRE SSURE TEMPERATURE INCLINATION Q 
5 GAMHA(1I)PR. GAMNA121)PR. P $0 M Q SB M 
6 THETA $ 8  L *  PSI  S B  C *  P S I  SR M THETA SB M 
7 GAMMA SB 1 GAMMA SB 2 X SB EE Y St3 EE 
8 V $0 W E Sf3 W 0-x S B  EE O-Y SB EE 
9 R S B  C R SB 1 MU RHO 

10 N S B Y / U  N S B Z / W  a* SB 1 A *  SB 1 
11 M Sf3 Y M S 0  2 TAU S0 T 1  TAU SB R t  
1 2  TOT I M P  VEL 
13 VEL LOSS CF U E t  LOSS G VEL LOSS VTA VEL LOSS NF 

RANGE 
A SB XB 

ALPHA 
ALPHA * 8 

R $8 M 
PHI SB H 
Z SB EE 

D-2 SB E E  
RHO PRIME 

E *  Sf3 t 
TAU SB P1 
V  St3 WE 

VEL LOSS A A  

GP 1 T SB F S SB F MU Sf3 F RHO P R I e ( F 1  V ( F J  G A M M A S 0  1F 

GP 2 8 E T A ( F I  T A U S B F  StBAH*) A *  SB F RHO 58  F GAMMA St3 2F 

GP3 E C C E N T W f C f T Y  R ( P E R 1  V (  PER 1 BET A DELTA INCLINATION 



0 PAGE 2 



A A 6 3  DO 4 R R  75 C A S E  1 f ~ l m 0 b 0 0 0 0  I C 2  0  P A G E  3 



AAB3 8D 4 R R  75 CASE 1 ID1 100800000 ID2 0 PAGE 4 

1 75 ,2379  39754.4 8605234.5 
2 251805 1522.2 0.09716 
3 1.566 524157*1055 -0,1223 
4 428051 393.25 2 9  31621 
5 29.5773 82.0119 Oe0000 
6 54.6321 69,8253 0,0000 
7 54,8093 69.9399 5125.9 
8 0.00 70eOO 301 50 
9 20949612-5 20909857.5 80,5221 

LO -0eOO1 -0.002 27379770.8 
1 1  -120789.172 -55602.340 82.1880 
12 4293.1 
13 91.09 2311s24 377.44 
R E M A R K A B L E  TIME 15 SPECIAL P R I N T  T I M E  
D E R I V  Q PRESSURE EQUALS 053219999 01 

* M A X W  DYNAMIC PRESSUKE 
1 7 5 . 2 3 7 9  39754.4 8405234e5 



A863 88 4 R R  74 CASE 1 ID1 1OOOOOOOO ID2 0 103 



AA63 BD 4 W W  75 CASE 1 I01 100000000 I02 0 ID3 O P A G E  6 

1959 ARDC P 

1959 AROC T 



A A Q 3  BO 4 W R  75 CASE b 101 f00000000 102 0 103 0 PAGE 7 

I 146, 6040 190133eO 
2 8524.7 736094 
3 6 . 8 8 6  4126% 9983 
4 Oe70 472e91 
5 21.2961 73-7309 
6 2409083 70,4803 
7 25e0008 9 0 . 5 3 8 8  
8 0.00 70000 
9 21099774oO 20909641e8 
10 -0~000 -0.3 000 
1 1  382.365 102.902 
12 11586.7 
13 1900 29 3658.74 

* CENTER ENGINE SHUTDOWN 
1 1 46- 6040 190133,O 
2 8526-7 7340e4 
3 6 .806  412609983 
4 O e  70 472.91 
5 2 1- 2961 7307309 
6 240 9083 70.4803 
7 25e0008 70,5388 
8 0. 00 70.00 
9 21099774,O 20909641a8 
10 -0.000 -0 . 000 
1 1  382,365 102o902 
12 11506-7 
13 190029 36580 74 



AA63 BD 4 88 95  CASE i ID1 200080000 I D 2  0 1 0 3  0 PAGE 8 

* OUTBOARD ENO-INE SHUTDOWN - S-IC/S-11 STAGING 
I 1 50 . 6040 2 0 2 7 2 7 . 4  0 .  0 1389814.0 26959103 



baA63 B88 4 W R  9 5  CASE P 101 130000000 I D 2  0 1 0 3  0 P A G E  5 
* S-I1 LIFTOFF 

1 f 54.4040 214665 -9  399958.9 1384339.0 296306.3 
2 8934.0 7737e8 0,74609 - 1 7 3 . 4 3 9  23.199 
3 7.762 1192.6322 -0 ,062 4 - 0 * 0 0 5 4  0006?6 
4 O o  25 41'3050 32.56447 10e68 0067 
5 20. 1783 7306491 000000 17,0659 0.0000 
6 23.4076 70. 5792 0.0000 220 1168 0 * 0 0 0 0  
7 23.5232 70,6386 10174705 281297 -0  - 713550 -9  
8 O e O O  70.00 2415e27 6716.67 -2987.62 
9 2112425608 20909591.0 79.6966 28,7212 28,5609 

10 -0 0 000 -0.000 27298972.5 298.9538 -40,1638 
11 11780224 101.128 111.9104 70.6808 335,8934 
12 120850 fi 77'3?,77 
13  190 0 74 3759.71 406.15 0 0 0 1 0003  
GP 1 4 3 0 - 8 4 5 9  365,831 73.91720 30.14290 9674,443 -28,867029 
GP2 -176,23590 -831.0218 375. 167  70,65045 30,31031 77005160 
G P 3  0,8953156 193,566 150613.180 177.51748 0.3460871 32.56447 
C P 4  33023019 35040518 8318,849 886.8279 47360762. 

F001 GIMBAL S T A T I O N  EQUAL Z E R O *  L SET EQUAL 0 



AA63 €30 4 R R  75  CASE 1 ID1 1OOOOOOOO ID2 0 I 0 3  0 P A G E  10 



A A 6 3  50 4 R R  35 CASE 1 101 lOOOOOOOO ID2 0 163 0 PAGE 1% 



A A 6 3  BD 4 RR 75 C A S E  2 I01 1 O O O O O O O O  I02 0 I D 3  OPAGE 1 

1 TIME 
2 V $0  f 
3 MACH NO. 
4 PRESSURE 
5 G A M M A t 1 I ) P R  
6 THETA S B  L *  
7 GAMMA SB 1 
8 V S 6  H 
9 R SB C 

10 N S B Y / W  
11 M sf3 Y 
1 2  TOT I M P  VEC 
1 3  VEL LOSS CF 

ALTlYUDE 
V SB E 

CHORD FORCE 
TEMPERATURE 
GAMMA421)PRe 

P S I  sf3 L* 
GAMMA S B  2 

E SB W 
R SB L 

N S B Z / W  
H St3 Z 

VEL LOSS G 

F SH T 
V I / V S  
ALPHA SR P 

INCLINATION 
P Sf3 M 

P S I  SB M 
X SB EE 

D-X SB EE 
MU 

D* SB 1 
TAU SB T l  

WEIGHT 
X SO CG 

ALPHA SB Y 
Q 

Q St3 M 
THETA SB M 

Y SB EE 
0 - Y  SB EE 

RHO 
A *  St3 1 

TAU SB R 1  

VEL LOSS VTA VEL LOSS NF 

RANGE 
A S8 XB 

ALPHA 
ALPHA + Q 

R SB M 
P H I  SB M 
2 SB EE 

0-2 SB EE 
RHO P R I M E  
E* SB 1 

TAU S 8  P1 
V Sf3 WE 

V E t  LOSS AA 

GP 1 f SB F S St3 F MU SB F RHO PRY.(F) V ( F )  G h M M A S B  LF 

G P 2  E iEfAtF-1  T A U S 8 F  S t B A R * )  As SB F RHO SB F GAMMA S8 2F 

GP3 E C C E N T R I C I T Y  R I P E R )  V i p E R )  B E T A  DELTA INGb INAT lQN 

GP4 PERIOD R I A P I  \If BPI V f  I N F )  TAU E/W 



A463 BD 4 W R  7'5 C A S E  2 ID1 POOOOOOOO I D 2  8 1103 
* 

e 0000 
2 1342.7 
3 08016 
4 2152.78 
5 040043 
6 89, 8373 
7 90eOOOO 
8 18e55 
9 2091001404 

10 -0.000 
I 1  7477660389 
12 o*o 
1 3  O e O O  0.00 oeoo 0.00 

7452412.0 
0,05184 
12,7925 

28028609 
oeo00o 
oeoooo 

-0a4 
-0.11 

80.5653 
27364310o8 

49,1249 



O PAGE 3 



A463 88 4 R R  75 CASE 2 I D 1  ~OOOOOOOO I82 8 PAGE 4 

1 96,9604 4029503 8363590.0 
2 2509-9 h514a2 0409683 
3 1e641 588167, 6094 2 e  541 9 
4 426.99 390044 29.30489 
5 29,5740 82- 0578 OeOOOO 
6 53.4558 690 8406 -0eOOOO 
7 54.9499 69,9490 5168.0 
8 135033 70.00 298875 
9 20950153.0 2090985905 80.5217 
10 -0eOOl 0.038 27380040* 5 
1 1  3431089.125 -850120180 83.3052 
I t  4383.2 
13 f09*13 23690 70 378.41 
R E M A R K A B L E  TIME IS S P E C I A L  P R I Y T  T I M E  
D E R I V  Q PRESSURE EQUALS e16523182-01 

* MAXIMUM DYMAM:IC PRF1SSURE: 
1 76.9604 40295.3 836359000 
2 250909 15 140 2 0,09683 
3 1.647 588i6706094 2.5419 
4 426.99 390.44 29,30489 
5 29.5740 82.0578 0oOOOO 
6 53. 4558 69.8406 -0eOOOO 
7 54.9497 69- 9490 5168.0 
8 135.33 70.00 298.75 
9 20950153-0 2090985705 80.52 17 

10 -0oOOl 00038 27380040*5 
1 1  34310890125 -850120180 83.3052 
12 4383-2 
13 109.13 2369070 378.41 



AAB3 80 4 88 7 5  CASE 2 I D 1  %0000000C ID2 0 PAGE 5 



AA63 80 4 RR 7 5  CASE 2 ID1 LOOOOOOOO 102 0 183 0 PAGE 6 

1 148.3153 187762.3  
2 8 4 9 2 9 3  7303e3 
3 7.087 59990 3107 
4 0 .92  4680 12 
5 200 7850 73.7392 
6 24.5463 70 -  4851 
7 2404238  7 0 0  5 4 5 8  
8 233e47 70 .00  
9  21097403.8 20909642.0 

10 -04000 0,001 
11 -12748e309 389 ,050  
12 11649.9 
13 222.41  3704.09 * CENTER ENOINE S m W N  

1 1 4 8 . 3 1 5 3  18776203 
2 8 4 9 2 e 3  7303e3  
3 7.087 4999e3107 
4 0.92 468,  f 2 
5 20.7850 7317392  
4 24 ,5463  ?Oe485 1 
7 24 ,4238 70 ,5458  
8 233.47 7 0 e  0 0  
9 21097483.8 20989642eO 

10 -0.080 0 , 0 0 1  
1 1  -12?48,309 3 8 9 e O F i O  
12 11649.9 
13 222841 3704.09 



A863 BD 4 RR 75 C A S E  2 I D 1  ~ O O O O O O O O  I D 2  0 I D 3  8 PAGE T 

* OTPllBOARD EmGINE S m W N  PND S-IC/S-11 STAGING 
1 152.31 53 200017s 5 0.0 1389814-0 26945363 
2 8941.2 7746e9 0,34425 -173,085 -0. LO4 
3 7.857 449086017 0.8961 -0,0270 0 -  8965 
4 0 - 5 9  429-16 3 2  -56074 25053 22.89 
5 20.3024 73.6116 0oOOOO -0,2148 OoOOUO 
6 23.7755 70-5352 -0eOOOO 2205655 -0*0000 
7 2 3 , 6 6 0 6  70,5965 97472.0 255620oO -198270oO 
8 252.63 70.00 2414e85 6714-02 -3017-42 
9 21109633.8 20909616-3 7 9 , 7 7 5 5  28,6966 28 .5363  

10 -0,000 0,001 27308098-3 29809229 -40s. 2209 
11 -42127.838 1268.652 l l l r 5 5 4 5  70.7320 336.0270 
12 12145m2 7978+?2 
13 222.79 3 7 5 5 - 4 8  408*31  4.12 9 8 , 3 7  
GP1 4 2 6 , 5 2 2 1  358,943 7a.04471 30.11143 9633r197 -281491292 
C P 2  -f76,29985 -83209013 372,228 70,64651 38827873 76,98272 
GP3 01 8953969 1938293 150722,662 1-77. 50276 013462467 32.56074 
GP4 33.20651 3502,448 8318,076 8 8 5 , 2 8 8 8  46963633. 

'001 G I M B A L  STATION EQUAL Z E R O *  b S E T  EQUAL 0 



AA63 BD 4 FIR 7 5  C A S E  2 ID1 100000000 f 82 0 I D 3  0 PAGE € 

1 156,1153 
2 8899.9 
3 8.834 
4 Oe34 
5 19.665l 
6 33,4961 
7 2289452 
8 252.63 
9 21121218,8 

10 0.000 
11 Q 0 600 
1 2  1214583 
13 223.02 
GP 1 426,5177 
GPZ -176.29983 
G P 3  0s 8954047 
GP 4 33,20639 * S-I1 LIFTOFF 

1 1560 1153 

211627.4 0.0 1389814.0 296154,O 
7699.3 0.34474 O e O O O  00000 
9e0080 11.3956 -8.0248 P1*3159 
405s64 32,56020 15.31 173.22 

73.6579 OeOOOO -0,0789' 000000 
70. 5032 -0e0000 32,2001 -0,0000 
7016457 101643.8 281128.2 - 2 8 9 5 1 4 e  9 

70100 2412.43 671 1.64 -2901 ,02 
20909591d3 79.6970 28,7210 28.5607 

OeOOO 27297078e5 298.9535 -40.1688 
0.000 102o3627 71.6890 339,2959 

7932853 
3802083 408, 31  4813 98.37 

358.924 74.04503 30,11123 9632.908 -28,492091 
-83208965 367.016 70.64758 30.27853 76.98371 

193.278 150728,936 1770 58935 0,3447414 32856020 
3502.447 8317,767 889.0847 46960864. 



&A63 80 4 W R  75 CASE 2 %Dl 100000800 182 0 I03  0 PAGE 9 

1 190o0000 
2 9Q75a0 
3 9. 177 
4 00 0s 
5 17,8611 
6 32. 7204  
7 200 8006 
8 252063 
9 21161328.3 
10 0.000 
11 0 . 000 
12 12471.8 
13 223.02 
GP 1 438,9179 
GPZ -176.06545 
GP3 0.8885768 
GP4 33043312 

* LES AlD S-IC/S-11 INTERSTAGE (FWD) JETTISOIV 
1 11601153 26861205 949'996.5 1321340.7 440018.5 
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SATURN V /'LOR VEHICLE 

NASA STATIONS 

I -n 4259 

LAUNCH ESCAPE TOWER 

APOLLO SPACE CAPSULE 8- 38 54 --- 8- 3763 
APOLLO SERVICE MODULE 154" DIA 

I I 

S.IVB STAGE -1 k- 260" Dl A 
MAIN STAGE 

CAPACITY 
PROPELLANT 
230,000 LB 

4375" = 364.8' 

S-ll STAGE 
MAIN STAGE PROPELLANT 

CAPACITY 930,000 LB 

1664 ( G  

GIMBAL) 



SATURN U 
ATMOSPHERIC DENSITY AS A FUNCTION O F  GEOMETRIC ALTITUDE 

-- MAXIMUM DENSITY 

- -. - DENSITY USED FOR MAXIMUM 
AERODYNAMIC HEATING TRAJECTORY 

ALTITUDE,  h (1,000 FT.) 



SATURN V 
ATMOSPHERIC DENSITY AS A FUNCTION O F  GEOMETRIC ALTITUDE 

90 100 110 

ALTITUDE, h (1,000 FT.) 



SATURN V 
ATMOSPHERIC DENSITY AS A FUNCTION OF GEOMETRIC ALTITUDE 

160 170 180 190 

ALTITUDE, h (1,000 FT.) 



SATURN V 

ATMOSPHERIC DENSITY AS A FUNCTION OF GEOMETRIC ALTITUDE 



A L T I T U D E ,  h (1,000 FT.) 



SATURN V 
ATMOSPHERIC PRESSURE AS A FUNCTION OF GEOMETRIC ALTITUDE 

90 100 110 120 

ALTITUDE, h (1,000 FT.) 



SATURN V 
ATMOSPHERIC PRESSURE AS A FIINCNON OF GEOMETRIC ALTITUDE 

I 

PRESSURE ASSOCIATED WITH 
MAXIMUM ATMOSPH ERIC DENSITY 

-#s3a- PRESSURE USED FOR MAXIMUM 
AER6DYNAMIC W EATING TRAJECTORY 

0 

aLslructE, R (1,0041 FT.) 

FIGURE 3 
i W E E T  3) 



SATURN V 
ATMOSPHERIC PRESSURE AS A FUNCTION OF GEOMETRIC ALTITUDE 

26 0 28 0 300 

ALTITUDE, h (1,000 F7.) 



I- 

WIND SPEED, V w  (FT/SEC) 



1 n 2 a 

DEVIATIONS FROM NOMINAL 



AFT INTERSTAGE 

DEVIATIONS FROM NOMIMAL FOR EACH PARAMETER 




